ABSTRACT CARDIO-RESPIRATORY AND PERCEIVED EXERTION RESPONSES TO DIFFERENT CRANKING RATES DURING MAXIMAL ARM ERGOMETRY
The purpose of this study was to compare cardio-respiratory and perceived exertion (RPE) responses to four cranking rates (50, 60, 70, & 80 rpm) during maximal arm ergometry in order to determine the most efficient cranking rate for maximal testing. Fifteen healthy male subjects (aged 18-30) performed continuous maximal arm ergometry (Modified Schwinn Ergometric Exerciser Mock'. EX2-0) exercise tests at the four cranking rates.
The initial exercise load was 300 kgm/min and was sequentially increased every 2 min by 150 kgm/min until the subject could no longer maintain the metronome-paced cranking rate.
HR was recorded from the ECG, and V02, VE, and respiratory frequency were obtained using a Beckman MMC.
Borg's 15-point graded category scale was used to obtain RPE.
All variables were measured each min and for five min of recovery.
Treatment order was randomized and performed on separate days. VE and V02 max were significantly higher (p < .05) at 80 rpm than for all other cranking rates. HR max was significantly (p < .05) higher at 80 rpm than at 50 or 60, while there was no significant (p > .05) difference between HR max at 70 and 80 rpm.
There was no significant difference (p > .05) between cranking rates for RPE, total endurance time, 02 pulse, or VE/V02. Since no difference existed in RPE between cranking rates and higher metabolic data was obtained at 80 rpm, the authors concluded that in testing asymptomatic individuals the higher cranking rates should be utilized.
Key words: Arm ergometry, oxygen uptake, cranking rates was used to obtain ratings of perceived exertion. Since subjects could not speak due to the non-rebreathing valve they were trained to nod their head when the investigator pointed to the appropriate number on the Borg scale comparable to their perceived effort.
A questionnaire was devised for the subjects to express their cranking rate preference. Subjects completed the questionnaire immediately following the recovery phase of the 2nd, 3rd and 4th
tests.
The comparisons were: more difficult, less difficult, and no difference. After completion of the tests subjects were asked to compare overall rates as to which was easiest and most difficult.
Data were analyzed using a one-way analysis of variance (ANOVA) with repeated measures. i Duncan's New Multiple Range test was used for post hoc analysis. All values were tested for significance at the 04.=.05 level.
RESULTS
The ANOVA for total endurance time (TET), respiratory exchange ratio (RER), rating of perceived exertion (RPE), oxygen pulse (02 pulse), and ventilatory equivalent (VE/V02) revealed no significant (p > .05) difference between cranking rates (See Table   1 ) .
Although not significantly different (p=.07) VE/V02 and 02 pulse show a relatively linear increasing pattern as cranking rates increased.
The ANOVA for maximal heart rate provided a significant (p < .05) F-ratio of 3.65. The Duncan's post hoc analysis indicated that maximal HR was significantly greater at 80 rpm than at 50 or 60 rpm(s), while no significant differences existed between all other comparisons for maximal heart rate (See Table 2 ).
The ANOVA for maximum pulmonary ventilation provided a Data displayed in Table 3 indicate results of the rate comparison questionnaire where subjects compared their just completed cranking rate to their previous rate.
The comparisons were more difficult, less difficult, and no difference.
The questionnaire results indicated that the majority of subjects ranked the slower cranking rate within a given comparison as the most difficult rate. On the overall comparison the slowest cranking rate (of 50 rpm) was rated as the most difficult by 67% of the subjects. The fastest cranking rate (80 rpm) was rated as being the easiest overall by 73% of the subjects.
DISCUSSION
The results of the current investigation indicated that maximal HR was significantly higher (p < .05) when cranking at 80
rpm as compared to 50 or 60 rpm(s). These findings are indirectly in agreement with the results of Grimby, Hedbert, and Nording (9) who reported that at all submaximal work levels heart rate was higher when arm work was carried out at 75 rpm as compared to 50
rpm.
The results of the current study conflicted with the findings of Alcala (10) who compared arm cranking rates for 50 and 80 rpms and reported that submaximal HR was significnatly higher at 80 rpm than at 50 rpm but his study failed to indicate significant differences in maximal HR for the two cranking rates.
However, Alcala used a mechanically braked ergometer and did not equilabrate the power outputs at the different cranking rates.
Previous work by Edwards, et al. (11) and Henirich, et al. Maximal oxygen uptake in the current study was significantly higher (p < .05) at 80 rpm than at 50, 60, or 70 rpm. These findings are indirectly in agreement with the work of Grimby et al. (9) who reported that at all submaximal work levels V02 was higher when arm work was carried out at 75 vs. 90 rpm.
The results of the current study are in agreement with the previously mentioned bike study by Edwards and others (11) power outputs.
The results of the current investigation indicated that there were no significant differences (p < .05) in rating of perceived exertion (RPE) between the different cranking speeds, although the higher cranking rates elicited significantly higher values for HR and V02. Studies by Lollgen, Ulmer and Nieding (15) , PandoLf and
Noble (16), and Stanford and Noble (17) have reported that in bike work at various pedalling rates, the same power output is perceived differently, being minimal at rates of 60 to 80 rpm.
In addition subjects in these experiments expressed a preference for higher pedalling rates.
Results of the Rate Comparison
Questionnaire in the current study indicated that 73% of the subjects felt the 80 rpm was the easiest overall, while 67% felt that the 50 rpm cranking rate was most difficult overall.
The fact that RPE was generally the same at the higher cranking rates as the lower may have application to submaximal arm training, since subjects may have a tendency to adhere to training prograins better if allowed to crank at a faster rate. However, this assumption must be experimentally tested since submaximal HR and metabolic responses may not follow a similar pattern.
The cardio pulmonary changes ( HR, VE, V02) associated with the faster limb movements at the higher cranking rates are probably contributable to increased proprioceptive output from the working joints and muscles. Future studies designed to differentiate between central and peripheral contributions to the rating of perceived exertion could yield important information regarding the perception of effort during arm work.
The purpose of a stress test designed to assess maximal aerobic capacity is to obtain peak values for V02 and HR for a given subject using a given mode of exercise. Data from the current investigation suggest that during arm ergometry stress testing, higher maximal metabolic and HR values will be obtained using a cranking rate of 80 rpm as compared to the other rates tested.
Additionally, a majority of the subjects expressed a preference for the faster cranking rates. 
